Abstract. All students in mechanical engineering courses receive training in using at least one parametric and associative 3D modeler. From the point of view of the logic behind the geometric design, a very important issue is how to parameterize the model, or put in other words, how to achieve the right balance between dimensions, as independent parameters, formulas (linking dimensions) and geometric constraints (parallel, concentric, horizontal etc.). We arrive following this logic to the notion of degrees of freedom of the model, as expressing the number of dimensions still free for a dynamic edit. The paper's aim is to provide a case study capable to assist students in understanding how a good model could be built. The case study will be integrated in an on-line course, offered by our university as an expression of its commitment in developing e-learning applications.
Introduction
The main idea behind the paper is to assist students in building a 3D model, with an emphasis on the way parameterization is done (through an assessment of the way the model behaves during the editing process). The paper proposes a slightly different approach, compared with the ones presented in [1, 2, 3, 4] . While in the mentioned sources a graph approach is considered, our paper proposes a matrix oriented analysis, coupled with a live analysis of the model behavior. A number of matrices will be constructed, in order to get a touch of the way the model editing is dependent of the features it is built of and the way they are parameterized. This, coupled with the experience acquired during modeling will help students produce better 3D models.
Method
In order to achieve that, the proposed 3D model, with different parameterization solutions, is implemented. Each try will be accompanied by the definition of the matrices with the parameters and geometric conditions used. These matrices will be analyzed, the number of remaining degrees of freedom will be determined and thus assumptions on each try could be made.
As we all know it is very difficult to appreciate that a certain approach is the optimal one, but the analysis of each try would allow students to better understand how important a correct parameterization is in order to produce a stable and easy to edit 3D model. The approach will be structured in the following phases: 1. Choosing a representative 3D model (from the point of view of the way it supports the teaching strategy) - Fig. 1; 2. Assist students in building the model using different strategies of parameterization; 3. Construct, or edit, for each try, the following matrices - Fig. 2 : Internal parameters, Links between internal parameters, Internal constraints, Link parameters, Links between link parameters, Link constraints.
4. Analysis of each matrix, combined with editing operations and their results of the model integrity and correctness.
5. Every student will produce a short essay (half a page) in which she/he will choose the best try (from her/his point of view), explaining the decision. The matrices will be defined (for computational reasons) in Excel. Fig. 2 , presents the matrices as worksheets tabs): Fig. 1 . Proposed 3D model -Internal parameters matrix -internal independent dimensions of the sketches used for features; -Links between internal parameters matrix -number of relations linking different dimensions; -Internal constraints matrix -number of geometric conditions at sketch level; -Link parameters matrix -number of independent dimensions that position sketches used for features; -Links between link parameters -number of relations between the dimensions that position the sketches used for features; -Link constraints matrix -number of geometric constraints that help in positioning the sketches used for features. For all matrices, the values of the elements represent the number of parameters (dimensions), links, and relations necessary to define the feature. The position of a certain value at a certain position within the matrix, speaks about the connections between features. For example, the value 1, on the Flange fillet column (see Fig. 3 ) indicates that this parameter has a relation with another feature, in our case, the Flange itself. Each matrix is organized in order to surprise the number of relations (constraints or degrees of freedom implied -or taken), but also the features involved. So each value is read through an L shaped pattern -see Fig. 3 . Each matrix could be seen as symmetric, but this is not a very important and compulsory issue. The matrices can be used to construct a "matrix box", as Fig. 4 suggests.
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Results
We will present bellow some of the results obtained for the 3D model presented in Fig. 1 . We will concentrate our exposure on two matrices only (due to space constraints): Internal parameters and Links between internal parameters. For these two matrices we will define and calculate the following parameters:
• The sum of the elements, describing the number of parameters/dimensions, or links/relations between parameters;
• The average of the elements, describing the number of parameters, or relations per item;
• The variation of the elements, describing the level of spreading of the parameters or links;
• The center of gravity of the matrix, describing the region of the matrix where (in terms of position in the 3D model tree) the parameters or links tends to concentrate. The center of gravity is a notion borrowed from the image processing. It is determined as the sum of the values of a matrix multiplied by their position (the row/column number), divided by the sum of the matrix values. The center of gravity is represented by two values, a row and a column. At their intersection lies the center of gravity of the matrix. We have to mention that the algorithm for determining the center of gravity can produce non-integer values. We will choose the closest integer in order to position the row or column that indicates the center of gravity. The center of gravity will suggest (more clearly if the model includes more features) what is the region of the 3D model tree where the most parameters, or links are concentrated, or put it in another way, what is the region of the model, where the most information lies. Knowing that will allow the user to concentrate her/his attention on the features within this area.
The parameters presented above, were calculated in two situations: -A model with many parameters and few relations; -A model with less parameters and more relations. Table 1 , presents the parameters matrix, along with their calculated values, for the first 3D model (the one with less relations). The highlighted bands (rows and columns) mark the center of gravity of the matrix (this is also valid for Table 2 and Table 3 ). Here, 2 rows are highlighted because the value for the row position is close to 6.5, and though it was impossible to highlight a single row. Table 1 . The parameters matrix with its parameters Table 2 and Table 3 present two matrices, the Link between internal parameters, for the two 3D models. The main idea behind our proposal is to make the students feel how a model will behave if it is based on a model preponderant built on individual and independent parameters, compared with the case when the model comprises less individual parameters and mode relations (links) between them, but also formalize these two approaches on a mathematical form.
The working procedure will be the following: • Built the same model using the two mentioned approaches; • Formalize, using the mentioned matrices, the two states of the models;
• Edit the two models and asses their behavior in terms of the speed of edit, stability of models, ease of work;
• Produce a small essay (half a page), with the advantages and disadvantages of the two approaches.
If the time will allow, it would be interesting to make the analysis on more than two models, in order to better appreciate how the parameters, and links or relations influence the model behavior. This type of analysis will produce "experience", making the students able to think when building a model and avoid superficial approaching the model construction. In order to better assess the concept of center of gravity of the matrices, it would be of help to choose a more complex model (with many features), and produce at least one of the five matrices (because the process is quite time consuming), calculate the center of gravity [of the matrix], and correlate its position with the presence of values within the matrix.
One possible development would be to correlate the 3D modeling with a Finite Elements Analysis and design of family of parts to which different scale factor will be applied to certain groups of dimensions (parameters in this case), in order to achieve models capable to withstand different loads. Table 2 . The parameters matrix with its parameters; the link between internal parameters matrix for the model with less relations Table 3 . The link between internal parameters matrix for the model with more relations
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Conclusion
The presented methodology is in a process of integration in an on-line course [5] . This course will include a number of other case studies, the purpose being to help students improve their modeling skills based on observing the matrices, and the links between their structure and the model behavior, especially during the editing. A further step will be the automated generation of the matrices, using the SDK facilities. This will accelerate the process and allow students to concentrate on the qualitative issues.
